Abstract -We consider a discrete-time flat fading channel with no side information. We bound the capacity of such a channel by finding the capacity per unit energy in the presence of a hard peak constraint.
I. INTRODUCTION
We consider communication over a time-varying Rayleigh flat fading channel. A discrete-time channel model is assumed. There is no side information about the channel a t either the transmitter or the receiver. We bound the capacity of such a channel by considering the capacity per unit energy, using the simple formula of Verdli [2] (also see Gallager [l] ). The study of capacity per unit energy naturally leads one in the direction of low SNR, since capacity per unit energy is typically achieved at low SNR's. However, it is known that to achieve capacity or capacity per unit energy at low SNR, the optimal input signal becomes increasingly bursty [5, 4, 31. Moreover, such capacity per unit energy becomes the same as for the additive Gaussian noise channel, and the correlation function of the fading process does not enter into the capacity. This is not wholly satisfactory, both because very large burstiness is often not practical, and because one suspects that the correlation function of the fading process is relevant.
To eliminate the possibility of using large peak powers, in this paper we investigate the effect of hard-limiting the energy of each input symbol by some value Pc. We calculate the capacity per unit energy under such a peak constraint. The correlation of the fading process enters into the capacity expression found. All capacity computations are in natural units for simplicity. One natural unit, nat, is & = 1.4427 bits.
PROBLEM FORMULATION AND RESULTS
Consider a single-user discrete-time channel with additive and multiplicative (fading) noise specified by
The fading process H = (Ht : -CO < t < CO) is a stationary proper complex Gaussian random process. The additive noise process W = (wt : -CO < t < CO) is assumed independent proper complex Gaussian with mean magnitude squared equal to 1.
Although the channel is not block fading, we still consider the use of block codes for the channel, following Definition 2 of Verdli [2]. However, in addition to the average energy constraint, we impose a peak constraint on each codeword
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GAUSS-MARKOV FADING
If the random process H is replaced by a block fading channel with the same marginal distribution, then the capacity per unit energy is CB = 1 -' o g (~~$ T~, Comparing the coherence times for the two processes, we notice that Tcoh is proportional to 1 instead of the expected &. m
IV. CONCLUSION
This paper considers the effect of a hard peak constraint on the capacity per unit energy. We find that the ON-OFF input symbol set is optimal with respect to achieving capacity per unit energy for time-varying flat fading channels.
